Taxonomic notes on diatoms (Bacillariophyceae) from the Great Usutu River in Swaziland  by Archibald, R.E.M. & Schoeman, F.R.
S. Afr. J. Bot., 1987, 53(1) 75 
Taxonomic notes on diatoms (Bacillariophyceae) from the Great Usutu River in Swaziland 
R.E.M. Archibald* and F.R. Schoeman 
National Institute for Water Research, Council for Scientific and Industrial Research, P.O. Box 395, Pretoria, 0001 
Republic of South A'frica 
Accepted 9 September 1986 
Taxonomical notes and light microscope illustrations are provided for a number of ecologically important diatom 
(Bacillariophyceae) taxa, as well as a few interesting or rare forms, occurring in the Great Usutu River (Swaziland). 
A complete list of taxa observed in the samples collected is supplied together with additional information on 
their relative abundances. 
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Introduction 
The diatom flora of Swaziland, a small land-locked country, 
bordering on South Africa and Moc;ambique, is not well 
known. Only one previous report (Cholnoky 1962) deals with 
diatom taxa from Swaziland, found chiefly in samples from 
two relatively confined areas, as well as from odd localities 
scattered throughout the country. One of the areas covered 
by Cholnoky's (1962) report is the Great Usutu River and 
its tributaries in the vicinity of a kraft pulp mill situated at 
Bhunya. At that time the pulp mill was still under con-
struction, and had not commenced discharging its effluent 
into the river. 
Some 20 years after the mill had been put into operation, 
an opportunity arose to test the effects of the discharged 
effluent on the diatom flora of the Great Usutu River. In this 
regard Cholnoky's study is invaluable as it provides base line 
data against which changes can be evaluated. However, in 
order to detect real changes, account must be taken of 
different concepts of various taxa brought about as a result 
either of taxonomic and nomenclatural changes over the last 
20 years, misidentifications or personal interpretations of a 
taxon. Since Cholnoky (1962, pp. 313, 336) illustrated only 
eight of the 95 taxa (102 according to his taxonomic concepts) 
he recorded from the Great Usutu River, it is sometimes 
difficult to correlate his identifications with our present 
concept of the relevant taxon. 
In order to prevent a similar situation in the future, this 
paper is written to comment on the taxonomy of, and to 
illustrate photographically those taxa that are considered 
ecologically important, i.e. they constituted 1 o/o or more of 
the diatom population in at least one sample. In addition we 
have included notes and illustrations of a few taxa which we 
felt warranted particular attention. In this way we demonstrate 
where present concepts of certain taxa differ from those of 
Cholnoky, while at the same time providing a pictorial record 
of the taxa for future reference. 
Materials and Methods 
The diatom taxa dealt with in this paper were observed in 
a series of 27 samples collected in August 1981 at eight 
sampling stations on the Great Usutu River, two sites on the 
Malkerns irrigation canal and at two sites on one of the two 
channels (Cascade A) conveying the pulp mill effluent to the 
Great Usutu River (Figure 1). Detailed descriptions of the 
stations on the Great Usutu River are given by Archibald & 
Schoeman (1987). Diatoms were sampled from the stones-
in-current and from the sandy/ gravelly substrates at each site. 
Water for the Malkerns irrigation scheme is abstracted from 
the Great Usutu River about 2 km below Station 6 and 
conveyed by canal to Malkerns. Diatoms were sampled where 
the Bhunya-Luyengo road crosses the canal shortly below the 
abstraction point (Table 1, sample nos 21, 22), and then again 
beyond Luyengo where the road crosses the canal for a second 
time (Table 1, sample no. 16). 
Two diatom samples were collected from the Cascade A 
channel, one from the algal mat growing on the canal walls 
and kept moist by splash from the warm effluent (Table 1, 
sample no. 6), and the other sample from algal growth 
hanging from wire mesh suspended at the side of the foot 
bridge crossing the cascade (Table 1, sample no. 7). 
Methods for the collection of diatom samples, their pre-
paration as permanent mounts, and the calculation of per-
centage abundances for each taxon in the diatom associations 
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Figure 1 Sampling stations on the Great Usutu River, Swaziland. The 
positions of Swaziland and the Great Usutu River in southern Africa, 
are shown in map inset A (study area boxed). The pulp mill effluent 
canals, Cascades A and B, and sampling stations in the vicinity of the 
pulp mill are shown in map inset B. 
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Table 1 The distribution of diatom taxa found in Swaziland from the Great Usutu River, the Cascade A and 
the Malkerns irrigation canal during this suvey. Symbols used to indicate the approximate range in relative 
density of each taxon composing the population in a particular sample are: + = recorded only in the species 
list; r = rare (0 - < 5%); f = frequent (5 - < 20%); c = common (20 - < 50%); a = abundant (50 -100%). 
Authorities for species not discussed in text may be found in Vanlandingham (1967 - 79) 
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Table 1 (Continued) 
Cascade Mal kerns 
Station No. 2 3 4 5 6 7 8 A Canal 
Sample No. 2 3 4 5 28 29 8 9 10 11 23 24 25 26 27 17 18 19 20 12 13 6 7 21 22 16 
Gyrosigma 
kuetzingii1 + 
scalproides + 
Hantzschia 
amphioxys1 + 
Navicula 
accomoda 
atomus1 
bacillum 1 + 
capita/a 
cari var. angusta1 
content a + + 
cryptocephala 1 + 
cuspidata1 + 
gregaria1 
grimmei 
indijferens 
maillardii 
mutica 
nyassensis + 
pe//iculosa 
promota 
pupula 
radiosa complex1•2 
rhynchocephala1 
roste//ata1 + r + + 
Navicula 
schoenfeldii + 
schroeteri 
seminuloides1 
seminulum 
subatomoides1 + r 
submolesta 
subrotundata + 
tantula 
tenelloides 
tridentula 
twymaniana 
usutensis1 + + + 
zanonii1 + 
Neidium 
affine var. 
amphirhynchus1 + 
irridis var. 
vernalis + 
Nitzschia 
acidoclinata 
amphibia 
clausii1 + 
Nitzschia 
denticula 1•2 f r f f r f c 
dissipata 1 + 
frustulum 1 
inconspicua1 •2 
intermedia + 
levidensis var. 
victoriae + 
microcephala + 
palea1 + 
rautenbachiae + 
recta 
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Table 1 (Continued) 
Cascade Malkerns 
Station No. 2 3 4 5 6 7 8 A Canal 
Sample No. 2 3 4 5 28 29 8 9 IO 11 23 24 25 26 27 17 18 19 20 12 13 6 7 21 22 16 
Pinnularia 
gibba l + 
interrupta 
maior + 
microstauron f. diminuta 
minuta 
subcapitata + c 
Rhopalodia 
gibberula l 
Stauroneis 
phoenicenleron + 
smithii var. incisa + 
Surirella 
angusta 
delicatissima + 
robusta + 
robusta f. constricta + 
lenera l + 
Synedra 
parasitica var. 
subconstricta + + 
rumpens l + + 
tenera l 
ulna l r r r r r + 
ITaxa from the Great Usutu River common to both Cholnoky's (1962) analysis of 5 samples (Nos I, 2, 3,9, 13) and in the present survey 
2Taxa recorded by Cholnoky (1962) under a different name. See Table 2 
have been described elsewhere (Archibald & Schoeman 1987). 
The slides were examined with a Zeiss Standard RA research 
microscope, and specimens were photographed with a Reichert 
Photo-Automatic camera using Kodak Panatomic X film. 
Terminology used is that suggested by the Working Party 
on Diatom Terminology (Anonymous 1975; Ross et al. 1979). 
The abbreviations BM and NIWR preceding a slide number, 
indicate slides from the collections of the British Museum 
(Natural History) and the National Institute for Water 
Research (Pretoria) respectively. 
Results and Discussion 
Notes and illustrations of those taxa found in the samples 
collected in August 1981 and considered ecologically important 
in the Great Usutu River are presented below in alphabetical 
order. The remaining taxa represented in the samples by the 
odd or very few specimens, are included in Table 1, where 
a complete list of all these taxa, together with an indication 
of their relative abundance in each sample, is given. References 
used in the identification of the various taxa are listed directly 
below the name of the relevant taxon. 
Achnanthes engelbrechtii Cholnoky (Figures 2 - 4) 
Cholnoky 1955, p. 16, figs 1 - 8. 
Cholnoky 1959, p. 7, figs 16-33. 
Archibald 1983, p. 25, figs 75 - 80. 
Schoeman & Ashton 1983, p. 192, figs 1 - 3. 
The few specimens observed in the Great Usutu River agree 
with Cholnoky's (1955) original description of the species, but 
show characteristics corresponding more closely with certain 
specimens he illustrated subsequently from the western Cape 
Province (Cholnoky 1959, figs 16, 17, 20). The examples 
illustrated here show raphe valves (Figures 2 & 3) with 
reasonably distinct, more or less circular central areas, and 
a rapheless valve (Figure 4), in which the two central striae 
on one side of the valve are more widely separated than the 
rest. Similar specimens have been reported by Archibald (1983) 
and Schoeman & Ashton (1983). Originally Cholnoky (1955) 
pointed out the similarity of A. engelbrechtii to A. pin nata 
Hustedt (1922, p. 123, pI. 9, figs 15 -18), and a call for a 
comparison of the type materials of these two species has been 
made (Archibald 1983; Schoeman & Ashton 1983). Further-
more, a recent study by Le Cohu & Maillard (1983, p. 148, 
figs 127, 223) has indicated that A. engelbrechtii cannot be 
distinguished from small specimens (less than 10 Ilm long) 
of A. delicatula ssp. hauckiana (Grunow) Lange-Bertalot & 
Ruppel (1980, p. 2, figs 1 - 20). It would therefore seem that 
a more thorough investigation of the taxonomy of A. engel-
brechtii is required. 
Achnanthes exigua Grunow (Figures 5 & 6) 
Grunow in Van Heurck 1880- 83, pI. 27, figs 29, 30. 
Hustedt 1931- 59, p. 386, fig. 832. 
Schoeman & Archibald 1977b, A. exigua p. 1- 3, figs 1 - 80. 
Schoeman & Archibald (1977b) have reviewed and commented 
extensively on the taxonomy of this species. A. exigua var. 
heterovalva is now regarded as part of the natural range of 
variability of the nominate variety, and is therefore no longer 
distinguished as a separate variety. 
Achnanthes lanceolata (Brebisson) Grunow (Figures 
7 -22) 
Hustedt 1931- 59, p. 408, fig. 863. 
This polymorphic species was represented in the Great Usutu 
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River by a number of morphological vanat1ons (Figures 
7- 22), often found together in the same sample. Whether 
all these forms belong to the natural variability of the no-
minate variety, or should be considered as valid varieties, or 
even as independent species is a matter for debate and further 
research. Figures 7 - 10 illustrate examples of the nominate 
variety, i.e. A. lanceolata var. lanceolata, and note should 
be taken that the characteristic 'hoof-shaped' marking on the 
rapheless valves (Figures 9 & 1 0) appears to be a simple 
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depression in the valve wall. In contrast Figures 11 -15 depict 
forms agreeing with A . lanceolata var. rostrata (Ostrup) 
Hustedt, in which this marking on the rapheless valves (Figures 
13- 15) is quite clearly a hooded cavity (see Ross eta!. 1979, 
p. 524). This type of structure prompted Moss & Carter (1982) 
to raise this variety to species level as A. rostrata bstrup [1902 
(1903), p. 28]. On the other hand Reichardt (1984) preferred 
to retain this taxon as a variety of A . lanceolata, using the 
hooded cavity as the differentiating characteristic rather than 
9 
10 
J 
I 
22 23 24 
4 
' 
11 
25 
13 
26 
14 
~) 
27 28 
Figures 2-34 LM micrographs of diatoms from the Great Usutu River. 2-4. Achnanthes enge/brechtii Cholnoky. 5 & 6. Achnanthes exigua 
Grunow. 7 - 22. Achnanthes /anceo/ata (Breb.) Grunow (see text for distinctions). 23-28. Achnanthes minutissima Kiitzing. 29. Amphora veneta 
Kiitzing var. capita/a Haworth. 30. Brachysira exilis (Kiitzing) Round & Mann. 31 & 32. Capartogramma crucicu/a (Grunow ex Cleve) Ross. 
33 & 34. Cymbe//a kappii (Cholnoky) Cholnoky. Scale: x 2000. Figure numbers followed by 'a' and ' b' reflect different aspects of the same 
valve. 2-7, II, 12, 14, 16-19a, 21,23 - 27, 29a, 30, 32a: phase contrast illumination (P.C. Ilium.). 8 - 10, 13, 15, 19b, 20, 22, 31a, 31b, 33, 
34: bright field illumination (B.F. Ilium.). 28, 29b, 32b: oblique bright field illumination (O.B.F. Ilium.). 
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the shape of the poles, but called it by its earlier synonym 
A. lanceolata var. dubia Grunow. In addition to the two 
above-mentioned forms, two others were also noted in the 
samples. Figures 16 - 20 illustrate forms agreeing with A. 
lanceolara var. elliptica Cleve. In these forms the 'hoof-
shaped' mark on the rapheless valves (Figures 19 & 20) is also 
a hooded cavity, which in some specimens appears to have 
a very wide mouth (e.g. Figure 19b) compared with the cavities 
in the var. dubia (cf. Figures 13 - 15). Finally, there were 
broadly lanceolate to elliptical forms with distinctly capitate 
apices (Figures 21 & 22), in which again a hooded cavity 
(Figure 22) is distinctly present on the rapheless valves. It is 
evident from the observation of the hooded cavity in other 
varieties of A. lanceolata, and not just in the var. dubia, and 
from the uncertainty with regard to the taxonomic significance 
of this structure, that a careful re-appraisal of the taxa within 
the A. lanceolata complex is necessary. Although these forms 
did not appear to be linked by intermediates, there was no 
evidence for any ecological factor determining which form 
was present, since they could all be found in a single sample 
(e.g. sample USU 11). For this reason they were all lumped 
together in this survey under the name A. lanceolata, pending 
further investigation. In contrast Cholnoky (1962, p. 314) 
distinguished between the nominate variety and what he called 
A . lanceolata f. rostrata (bstrup) Hustedt (= var. dubia). 
Achnanthes minutissima KUtzing (Figures 23 - 28) 
Hustedt 1931 - 59, p. 376, fig. 820. 
Lange-Bertalot & Ruppel (1980) revised the diagnosis of A. 
minutissima so that this species now includes several previously 
well-established taxa, such as A. linearis (yV. Smith) Grunow 
and A. microcephala (Kutzing) Grunow. While Cholnoky 
(1962, pp. 314, 315) distinguished these three taxa, Lange-
Bertalot & Ruppel's opinion has been accepted here. 
Amphora copulata (KUtzing) Schoeman & Archibald 
Schoeman & Archibald 1986, p. 426, figs 11 - 53. 
Schoeman & Archibald (1986) have shown that the correct 
name for the taxon formerly known as A. ovalis (Kutzing) 
Kutzing var. libyca (Ehrenberg) Cleve is A. copulata. 
Amphora veneta KUtzing var. capitata Haworth (Figures 
29a & b) 
Haworth 1974, p. 48, figs 6, 19. 
Schoeman & Archibald 1978, A. veneta var. capitata p. 1, 
figs 1-24. 
Following an intensive investigation of this variety, Schoeman 
& Archibald (1978) upheld it as distinct from the nominate 
variety. They also reported that no confirmed identifications 
of this taxon had been made from southern Africa. However, 
in a later paper, Archibald & Schoeman (1984, pp. 83, 101) 
state that A. veneta var. capitata is present in this region, but 
had been misidentified as A. coffeaeformis (Agardh) Kutzing. 
The few specimens observed in the Great Usutu River con-
form entirely to Schoeman & Archibald's (1978) description 
of the taxon, although the valves are somewhat broader than 
given in this description. The valves are 23,5 - 29,0 J..lm long, 
4,5 - 5,0 J..lm broad and have 28 - 32 striae in 10 J..lm. 
Brachysira exilis (KUtzing) Round and Mann (Figure 30) 
Round & Mann 1981, p. 227. 
Hustedt 1931-59, p. 751, fig. 1114 (as Anomoeoneis exilis 
(Kutzing) Cleve. 
Schoeman & Ashton 1982, p. 27, figs 6-9,46-48,66-78 
(as Anomoeoneis exilis). 
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Round & Mann (1981) have resurrected the genus Brachysira 
to include all taxa of the genus Anomoeoneis with a structure 
similar to Brachysira aponina Kutzing (1833 - 36, Decas XVI, 
No. 153). This opinion has been accepted in this investigation 
and by a number of other diatomists (Coste & Ricard 1982; 
Kaczmarska & Rushforth 1983). 
Capartogramma crucicula (Grunow ex Cleve) Ross 
(Figures 31 & 32) 
Ross 1963, p. 59, pI. 1, fig . B; pI. 2, fig. A; text figs 8 - 11. 
This species has been recorded fairly frequently from southern 
Africa but under the name Stauroneis merrimacensis Wood-
head & Tweed (1960, p. 143), which was a new name for 
Schizostauron crucicula Grunow. In the present study a few 
fairly typical examples were observed (34,0 - 35,0 J..lm long, 
8,0 - 9,0 J..lm broad, 24 striae in 10 J..lm). 
Cymbella javanica Hustedt (Figure 36) 
Hustedt 1937 - 38, p. 424, pI. 25, figs 1 - 3. 
The small number of specimens observed were quite typical 
in valve shape and length (19,5 - 22,5 J..lm), but were some-
what broader (5,0 - 5,5 J..lm) and slightly more densely striate 
(12-14 striae in 10 J..lm). Cholnoky (1957a, p. 45) reported 
similar large forms from Natal, reaching 25,0 J..lm long and 
5,5 J..lm broad. However, in an earlier publication, Cholnoky 
(1954a, p. 273) claimed to have observed specimens measuring 
up to 33,0 J..lm long with 13 transapical striae in 10 J..lm. 
Cholnoky (1954b, p. 411, fig. 9) also illustrated an example 
which he stated was smaller than the normal forms. This 
specimen is 30 J..lm long and 6,5 J..lm broad, and is therefore 
much larger than Hustedt's maximum dimensions. These two 
examples cast some doubt on the validity of Cholnoky's 
identification of these large forms as C. javanica. A re-
examination of the larger forms is needed to confirm or reject 
these identifications. 
Cymbella kappii (Cholnoky) Cholnoky (Figures 33 & 34) 
Cholnoky 1956, p. 61, figs 17-20. 
Archibald 1983, p. 88, pI. 10, figs 183, 184. 
Archibald (1983) commented on the affinities of this species 
with C. cistula (Ehrenberg) Kirchner, C. turgidula Grunow 
and C. tumidula Grunow, suggesting a close relationship with 
C. cistula and expressed the need for a thorough revision of 
this group. Reichardt (1982a, p. 103, pI. 3, figs 16-20) 
reported forms of C. affinis Kutzing with 1 - 3 isolated 
stigmata at the centre of the valve. This suggests that C. kappii 
might be connected to this species as well. Due to this 
uncertainty, the Great Usutu River specimens have been 
retained under the name C. kappii. 
Cymbella kolbei Hustedt (Figure 35) 
Hustedt 1949a, p. 46, figs 20-26. 
Archibald 1983, p. 90, pI. 11, fig. 185. 
Schoeman, Archibald & Ashton 1984, p. 193. 
Schoeman et al. (1984) commented on this species which 
presents an interesting taxonomic problem. It appears that 
the only feature distinguishing C. kolbei from C. hustedtii 
Krasske (1923, p. 204, fig. 11) is the presence of a stigma at 
the end of the central stria on the ventral side in C. kolbei 
(Hustedt 1949a). This1pparently clear distinction has been 
lost due to Compere's (1980, p. 291, figs 62, 86, 87) de-
scription of a new form, C. hustedtii f. stigmata, which 
possesses a stigma in the same position as in C. kolbei. This 
confusing situation was further complicated by Compere 
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(1984, p. 68, fig. 51) when he recognized the probability that 
his f. stigmata is linked with C. kolbei. Nevertheless he still 
preferred to retain his taxon as a form of C. hustedtii. This 
brings into question the validity and significance of the stigma 
as a taxonomic character. There seems to be little information 
on the subject, and the literature is not particularly helpful 
in this regard. Kolbe & Krieger (1942, p. 350, pl. 3, figs 
16-18) failed to comment on the presence of a stigma in 
specimens they identified as C. hustedtii, although they 
illustrated examples with this structure. On the other hand, 
Hirano (1964, p. 200, pl. 5, fig. 22; 1966, p. 31, pl. 2, fig. 
9) placed two specimens without stigmata in the species C. 
kolbei. Krammer (1982, p. 15) pointed out that we know 
nothing of the constancy of stigmata, and thus cautioned the 
use of this character as a means of uniting or separating taxa. 
Geissler (1970, p. 515), however, found that, while valve form 
and design were subject to variation, structural elements, such 
as mucilage pores, areas and processes, were more constant 
in character. It is highly likely that stigmata would fall into 
the latter category. Hendey (1964, p. 55) supplied two defi-
nitions for a 'form', one of which defines it as 'the result of 
genetic instability and may arise suddenly and equally suddenly 
revert to type' . On the basis of this definition, Compere (1980) 
implies a certain instability in the presence or absence of a 
stigma by designating his taxon as a form. An attempt should 
therefore be made to establish whether the stigma is gene-
tically stable or not. There is no experimental evidence for 
this in the literature, but empirical observations may hint at 
the truth. Kingston (1978) studied a population of C. hustedtii 
from Lake Michigan and there was no evidence in this 
population for the presence of a stigma in any of the speci-
mens. When Compere (1981) compared the Lake Michigan 
population of C. hustedtii with specimens of his new form 
from the Air Mountains, he made it clear that the stigma in 
his f. stigmata distinctly separates them from the Lake 
Michigan C. hustedtii. He thereby implies a constant presence 
of a stigma in his new form . This suggests that the presence 
or absence of the stigma in these two populations is constant. 
If we can conclude from this that the stigma is genetically 
stable, then this character can be regarded as sufficiently strong 
to distinguish between taxa at species level. In this study C. 
hustedtii f. stigmata is considered synonymous with C. kolbei. 
Finally, it is interesting to note that Coste & Ricard (1982, 
p. 285, pl. 1, fig . 3) also transferred C. hustedtii f. stigmata 
to C. kolbei, but retained it as a form of the latter. They do 
not state, however, how they distinguish it from C. kolbei. 
The specimens seen in this study were quite typical of 
Hustedt's description, but show slightly more pronounced 
subrostrate poles. A single example (Figure 35), measuring 
25,0 !J.m long, 8,0 !J.m wide and having 10 transapical striae 
in 10 !J.m, is illustrated. 
Cymbella microcephala Grunow (Figures 37 & 38) 
Grunow in Van Heurck 1880-83, pl. 8, figs 36-39. 
Hustedt 1930, p. 351, fig. 637. 
Schoeman & Ashton 1983, p. 194, figs 29-60. 
In a study of two populations of C. microcephala, Schoeman 
& Ashton (1983) found two apparently distinct, but very 
similar, groups of specimens. The groups were differentiated 
on morphological detail, and particularly, striae structure when 
examined under the electron microscope. In Schoeman & 
Ashton's Group 1 the transapical intercostal grooves have 
crenulate margins, which, according to Krammer (1982, p . 
38, pls 1109- 1113), are characteristic for the species. In 
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contrast, the groove margin of their Group 2 examples is 
smooth or straight. Dorsal striae counts near the valve centre 
in the two groups also differed slightly, being 24- 26 in 10 
!J.m in Group 1 and 26- 32 in 10 !J.m in Group 2. This makes 
an interesting comparison with Van Heurck 's (1885, p. 63) 
description of the species. Here he states that large forms have 
24 striae in 10 !J.m and small forms 28-30 in 10 !J.m. This 
raises the question as to whether Van Heurck's circumscription 
of this taxon possibly includes two distinct forms. Schoeman 
& Ashton also suggested that an expansion of the valve mantle 
near the poles into a lip-like structure in the Group 2 specimens 
was a further distinguishing characteristic between the groups. 
Krammer (1982, pis 1109, 1110), however, illustrated a 
number of valves with this polar lip-like expansion, but which 
are otherwise identical to Schoeman & Ashton's Group 1 
examples. 
Although the Great Usutu River specimens (Figures 37, 38) 
have not been examined under the electron microscope, their 
dimensions Oength 17,5-23,0 !J.m, breadth 3,5-4,5 !J.m) and 
striae counts [24- 26(28) in 10 !J.m] suggest they should be 
placed in Schoeman & Ashton's Group 1. 
Cymbella minuta Hilse ex Rabenhorst (Figures 39 & 40) 
Hustedt 1930, p. 359, fig. 661 (as Cymbella ventricosa) . 
Krammer 1982, p. 22, pis 1026-1030. 
This ubiquitous species, occurring commonly in southern 
Africa, was better known as Cymbella ventricosa Kiitzing. 
However, Reimer (in Patrick & Reimer 1975, p. 48) and 
Hakansson (1979) have both shown that this combination 
is a later homonym for Cymbella ventricosa (Agardh) Agardh 
(1830- 32, p. 9), which actually represents a species of 
Rhopalodia. While Hakansson (1979) called Agardh's taxon 
Rhopalodia operculata (Agardh) Hakansson, Reimer (op. 
cit.) renamed Kiitzing's taxon as C. minuta Hilse ex Raben-
horst. 
The specimens observed in the Great Usutu River are quite 
typical, and, since Krammer (1982) has presented a detailed 
account of its morphology, no further comments are neces-
sary. 
Cymbella naviculiformis Auerswald (Figure 41) 
Hustedt 1930, p. 356, fig. 635. 
Krammer 1982, p. 40, pis 1127-1132. 
This species occurs fairly frequently in southern Africa, and 
three typical specimens were recorded in this study. An 
example is illustrated in Figure 41. 
Cymbella radiosa Reichelt (Figure 42) 
Hustedt in A. Schmidt 1874-1959, pl. 377, figs 8-10. 
Schoeman 1970, p. 336, figs 10, 11. 
The original description and illustration of this species (Reic-
helt 1904, p. 776, fig. 37) are inadequate due to their brevity, 
lack of detail and some discrepancy between description and 
drawing. However, Hustedt (in A. Schmidt 1874 -1959) 
drew three specimens from the original material collected at 
Lake Ngami, Botswana. These specimens show the typical 
valve shape and wide axial area depicted by Reichelt, but 
include the detail of the lineolate transapical striae and dorsally 
curving terminal fissures. Based on this information, a few 
specimens from the Great Usutu River have been positively 
identified as C. radiosa. The latter fit Reichelt's dimensions 
and striae count, and agree with Hustedt's drawings in their 
morphological detail. It is important to note that contrary to 
Reichelt's description, the transapical striae are fairly strongly 
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radial except for the central ones, which may approach 
parallel. 
This species has been previously recorded from southern 
Africa, but in some cases the accuracy of the identification 
may be doubtful. Cholnoky (l957a, p. 46, figs 36 - 39) 
described a new species from Natal, Cymbella rautenbachiae, 
which he subsequently united with C. radiosa (Cholnoky 
1960a, p. 239, figs 4, 5). There is, however, some doubt that 
the Swartkops specimens illustrated by Cholnoky (l960a) truly 
belong to C. radiosa. The main points of difference being 
37 
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35 
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the structure of the striae, the width of the central area, and 
the ventrally curving terminal fissures. Nevertheless, the 
unification of C. rautenbachiae with C. radiosa, based on the 
Natal specimens, seems justified. Further typical examples, 
which are identical to those in the Great Usutu River, have 
been reported from the Orange Free State and Lesotho 
(Schoeman 1969, p. 42, figs 1, 2; 1970). 
Another taxon that must be taken into consideration is C. 
helvetica var. africana Fritsch & Rich (1924, p. 390, fig. 30, 
K). From the original drawing and description it appears that 
39 
40 
47b 
Figures 35 - 51 LM micrographs of diatoms from the Great Usutu River. 35. Cymbella kolbei Hustedt. 36. Cymbella javanica Hustedt. 37 & 
38. Cymbella microcephala Grunow. 39 & 40. Cymbella minuta Hilse ex Rabenhorst. 41. Cymbella naviculiformis Auerswald. 42. Cymbella radiosa 
Reichelt. 43 & 44. Fragilariafamiliaris (Kiitzing) Hustedt. 45 & 46. Fragilaria vaucheriae (Kiitzing) Boye Petersen. 47. Frustulia weinholdii Hustedt. 
48 & 49. Gomphonema parvulum (Kiitzing) Grunow. 50. Gomphonema subclavatum (Grunow) Grunow. 51. Gomphonema clevei Fricke. Scale: 
x 2000. 35 - 38a, 40, 41, 43, 45, 46, 48, 51: P.c. IlIum. 39, 42, 47a, 49, 50: B.F. IlIum. 38b, 44, 47b: O.B.F. IlIum. 
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this taxon is probably identical to C. radiosa. However, it 
will be necessary to locate and examine its type material before 
a firm conclusion can be drawn. 
The Great Usutu River specimens are 57,0- 92,5 f..Lm long, 
13,0-18,0 f..Lm broad, and have 7-9 transapical striae in 10 
f..Lm on the dorsal side and 7- 8 in 10 f..Lm on the ventral side. 
The striae are composed of 18- 241ineolate puncta in 10 f..Lm. 
Fragilaria familiaris (KOtzing) Hustedt (Figures 43 & 44) 
Hustedt 1957, p. 229. 
Hustedt 1931-59, p. 207, figs 697c, d (as Synedra rumpens 
var. jamiliaris and var. scotica). 
In reviewing the systematics and taxonomy of the genera 
Fragi/aria and Synedra, Lange-Bertalot (1980a) has presented 
illustrations of a number of taxa from type and other material, 
which he combined under the species Fragilaria capucina 
Desmazieres. However, due to our limited knowledge of the 
taxa discussed by Lange-Bertalot, it is beyond the scope of 
this paper to verify his opinions. Accordingly, the better 
known concepts of F. jamiliaris (Kiitzing) Hustedt, F .. vau-
cheriae (Kutzing) Boye Petersen and Synedra rumpens Kut-
zing, all observed in this study, have been retained. In this 
investigation, the specimens designated as F. jamiliaris con-
form better to the description of S. rumpens var. scotica 
Grunow (cf. Hustedt 1931-59, p. 207, fig. 697d), which are 
now also united with F. jamiliaris (Hustedt 1957). 
The Great Usutu River specimens (Figures 43 & 44) range 
in length from 30,0 - 91,0 f..Lm and in breadth from 3,0 - 4,5 
f..Lm and have 14-16(17) transapical striae in 10 f..Lm. The 
valves are narrow, linear-lanceolate in shape with capitate to 
subcapitate apices, and are slightly constricted on both sides 
of the central area, which usually displayed faint 'shadow' 
striae. 
Fragilaria vaucheriae (KOtzing) Boye Petersen (Figures 
45 & 46) 
Boye Petersen 1938, pp. 164-170, fig. 1. 
Hustedt 1931-59, p. 152, fig . 666 (as Fragilaria intermedia). 
Hustedt 1931-59. p. 194, fig. 689 (as Synedra vaucheriae). 
Although shape and size vary greatly in this species, the 
specimens observed in this study are uniformly narrow and 
linear -lanceolate with usually capitate poles in the longer 
forms . Shorter forms are relatively broader and more linear, 
while the shortest examples are almost rhombic with rostrate 
poles. The development of the unilateral central area, cha-
racteristic of this species, also varies. The typical arrangement 
occurs frequently, but often in the longer examples the central 
area broadens into an apparent fascia across the valve. When 
this is the case, it sometimes proves difficult to distinguish 
between the longer examples of this species and the shorter 
specimens of F. jamiliaris occurring in the same samples. 
The Great Usutu River specimens measure 9,5-39,5 f..Lm 
long, 3,0-3,5 f..Lm broad and have 14-16 transapical striae 
in 10 f..Lm . 
Frustulia vulgaris (Thwaites) De Toni var. angusta 
Cholnoky (Figure 103) 
Cholnoky 1954c, p. 214, fig . 61. 
The single specimen observed in this study corresponds very 
closely with Cholnoky's (1954c) diagnosis of the variety, and also 
possesses the broadly rounded · poles depicted by Cholnoky 
(1957b, p. 63, fig. 59) in a specimen from the Pongola River. 
However, there is still doubt as to whether this variety can be 
upheld (cf. Schoeman 1969, p. 45; Archibald 1983, p. 109). 
Frustulia weinholdii Hustedt (Figure 47) 
Hustedt in A. Schmidt 1874-1959, pl. 406, figs 7, 8. 
Hustedt 1931-59, p. 731, fig. 1101. 
Patrick & Reimer 1966, p. 310, pl. 22, fig . 2. 
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This Frustulia species, easily recognized by the lateral exten-
sions of the proximal raphe endings at the slightly excentric 
central nodule, was once considered a rare species. More 
recently it has been observed from many parts of the world 
(Guermeur & Manguin 1953; Wallace 1960; Carter 1962; 
Patrick & Reimer 1966; Camburn, Lowe & Stoneburner 1978; 
Coste & Ricard 1982; Foged 1984), substantiating Hustedt's 
(1931-59, p. 731) view that it is probably more widespread 
than indicated by his purely German records of it. Hustedt's 
(in A. Schmidt 1874 - 1959) (1931 - 59) drawings show 
only elljptical forms with broadly rounded extremities, but 
Wallace (1960, p. 2, pl. I, figs 3A-F) has illustrated an 
intergrading series to include forms with rostrate and capitate 
poles. On account of the latter, F. weinholdii may have been 
confused with F. vulgaris (cf. Hustedt 1931-59, p. 730, fig . 
1100), which is very similar in valve form, if insufficient note 
is taken of the proximal endings of the raphe. This might 
explain the sudden greater frequency of new observations of 
F. weinholdii. 
Only two examples were found in the Great Usutu River. 
One of these is somewhat shorter (34,0 f..Lm long) than the 
minimum length given in the description. This valve is 8,0 
f..Lm broad and has 34- 36 striae in 10 f..Lm. 
Gomphonema clevei Fricke (Figure 51) 
Fricke in A . Schmidt 1874-1959, pl. 234, figs 44-46; pl. 
266, fig. 35. 
Hustedt 1937-38, p. 441, pl. 27, figs 14-18. 
This species, originally described by Fricke (in A. Schmidt 
1874 - 1959) from East Africa, is commonly found in 
southern Africa (Cholnoky 1954b; 1960a; 1960b; 1966; 
Archibald 1971; Schoeman 1973) and has been recorded 
previously from Swaziland (Cholnoky 1962). In the Great 
Usutu River, typical examples (e.g. Figure 51) were observed 
at all stations, but never in abundance. When a taxonomic 
review of this species is undertaken a number of other taxa 
must be taken into consideration. These are G. jrickei, 
G. brachyneura, G. sparsistriata and G. navicel/a, all described 
by 0. Muller (1905) from Malawi (Nyassaland), as well as 
G. entolejum bstrup [1902 (1903)]. 
Gomphonema parvulum (KOtzing) Grunow (Figures 48 
& 49) 
Hustedt 1930, p. 372, figs 713a- c. 
This very common and ubiquitous species has an extremely 
variable valve outline, and distinguishing between varieties is 
practically impossible on account of many intermediate forms 
(vide Wallace & Patrick 1950). Accordingly, no attempt has 
been made to identify the forms found in the Great Usutu 
River to varietal level. Figures 48 & 49 illustrate the typical 
valve forms found in this study. In contrast, Cholnoky (1962, 
p. 323) recorded both G. parvulum and its var. lagenula from 
the Great Usutu River. 
Gomphonema subclavatum (Grunow) Grunow (Figure 
50) 
Grunow 1884, p. 46, pl. I, fig. 12 (not fig . 13 = G. arcticum). 
Hustedt 1930, p. 375, fig. 705 (as G. longiceps var. subc/avata 
Grunow). 
When Grunow (1884) raised this taxon (previously named G. 
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montanum var. subclavatum Grunow in Van Heurck 1880-
83 and 1885) to the rank of species, he confused his illustration 
of this species with his drawing of Gomphonema arcticum 
in the same paper. Grunow, in both text and plate legend, 
cited pI. 1, fig. 13 as G. subclavatum and pI. 1, fig. 12 as 
G. arcticum. However, comparison of these two drawings 
with his corresponding illustrations of G. montanum var. 
subclavatum (in Van Heurck 1880 - 83, pI. 23, figs 38 - 41) 
and G. arcticum (in Van Heurck 1880 - 83, pI. 25, fig. 30), 
indicates that Grunow erroneously switched the two drawings 
around. Accordingly, plate 1, fig. 12 in his later paper 
(Grunow 1884) actually represents G. subclavatum, and pI. 1, 
fig. 13 illustrates G. arcticum. This is implied by Cleve (1894, 
pp. 183 and 188 under G. exiguum var. arctica) in his 
references to these two species respectively. 
G. subclavatum was one of the most common species 
recorded in this study. 
Navicula atomus (KOtzing) Grunow (Figures 53 & 54) 
Grunow 1860, p. 552, pI. 2, fig. 6. 
Hustedt 1961-:-66, p. 169, fig. 1303. 
Typical specimens were present in small numbers at most 
stations. 
Navicula cari Ehrenberg var. angusta (Grunow) Grunow 
(Figure 52) 
Grunow in Van Heurck 1880-83, pI. 7, fig. 17. 
Germain 1981, p. 194, pI. 73, fig. 2. 
The identity of valves as il1ustrated in Figure 52 has not been 
established with certainty. They are placed provisionally in 
N cari var. angusta on the grounds of their close resemblance 
to Germain's (1981) illustration of this taxon. The specimens 
seen in this study fit the range of length given in Germain's 
description, but are broader (9,0 11m) and the striae are slightly 
more widely spaced (11 in 10 11m). Cholnoky (1962, p. 324) 
recorded this taxon from the Great Usutu River, but it is not 
certain whether his concept of the taxon corresponds with the 
form shown in Figure 52 of this paper. 
Navicula contenta Grunow (Figures 55 & 56) 
Schoeman & Archibald 1978, N contenta p. 1 - 3, figs 1 - 88. 
A few typical examples (Figures 55 & 56) were observed. 
Navicula cryptocephala KOtzing (Figures 57 & 58) 
Hustedt 1930, p. 295, fig. 496. 
This ubiquitous and very common species occurred in small 
numbers at nearly all the sampling sites. 
Navicula gregaria Donkin (Figure 59) 
Schoeman & Archibald 1978, N gregaria p. 1-4, figs 1-41. 
Typical examples of this species occurred at a few sampling 
sites. 
Navicula grimmei Krasske (Figure 60) 
Krasske 1925, p. 45, pI. 1, fig. 14. 
Hustedt 1961-66, p. 769, figs 1742a-d. 
Only a few specimens were observed. 
Navicula indifferens Hustedt (Figures 61 & 62) 
Hustedt 1942, p. 67, figs 27 - 30. 
Hustedt 1961 - 66, p . 84, fig . 1226. 
Specimens, as illustrated in Figures 61 & 62, have been 
assigned to N indifferens on the basis of the valve shape and 
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dimensions. These specimens are 5,5 - 7,0 11m long, 2,5 - 3,0 
11m broad, and the transapical striae are not visible under the 
light microscope. 
Navicula maillardii Germain (Figure 63) 
Germain 1982, p. 107, pI. 4, figs 19-23. 
Schoeman, Archibald & Ashton 1984, p. 199, figs 49-55. 
This species was recently described by Germain (1982) from 
Kerguelen Island, and is distinguished from the very similar 
Navicula subtilissima Cleve on the basis of the striae structure. 
Schoeman et al. (1984) reported a number of specimens 
agreeing with Germain's description, although they showed 
a greater range in valve shape. The specimen illustrated here 
(Figure 63) presents a larger (20,0 11m long), somewhat 
broader (4,5 fl,m broad) and slightly more coarsely striate (28 
striae in 10 fl,m) example, which has been assigned to this 
species. Recently Le Cohu (1985, p. 5) suggested that N 
maillardii is conspecific with N bryophila Boye Petersen 
(1928, p. 388, fig. 13). Electron microscope studies of the latter 
would be necessary to confirm this suggestion. 
Navicula pelliculosa (Bn§bisson ex KOtzing) Hilse (Fi-
gure 64) 
Hustedt 1961-66, p. 173, fig. 1305. 
In an attempt to clarify the identity of N pelliculosa, Schoe-
man et al. (1976) failed to distinguish between this species and 
N saprophila Lange-Bertalot & Bonik (1976, p. 312, figs lc, 
2, 8, 9, 29). However, while discussing the latter species in 
a subsequent publication, Schoeman & Archibald (1980) 
pointed out the close similarities between N pelliculosa and 
N saprophila, but retained the two as separate taxa on the 
basis of valve size and the difference in the angle subtended 
by the striae to the raphe. While N saprophila has been 
positively identified from a relatively large number of samples 
in southern Africa, two specimens from the Great Usutu River 
constitute the first positive record of N pelliculosa from this 
region. These two specimens are 11,0 fl,m long and 4,0 - 4,5 
fl,m broad. 
Navicula pupula KOtzing (Figures 65 & 66) 
Hustedt 1961-66, p. 120, figs 1254a-q. 
Schoeman & Archibald 1979, N pupula p. 1 - 5, figs 1 -71. 
Figures 65 & 66 illustrate two typical examples of this species. 
Navicula radiosa KOtzing complex (Figures 67 & 68) 
Germain 1981, p. 182, pI. 70, fig. 7. 
The identity of the taxon illustrated in Figures 67 & 68 is 
difficult to determine precisely. Cholnoky (1962, p. 329) 
identified the same taxon as N tenella Brebisson, but personal 
observation of specimens from his Swaziland materials 
(sample Nos 2, 3, 9, 13) as well as examples from this study 
do not correspond with our concept of N tenella. This 
concept is illustrated by photographs of N radiosa var. tenella 
given by Germain (1981, pI. 70, figs 8 - 12) and by the 
drawing of Patrick & Reimer (1966, pI. 48, fig. 17). In 
contrast, the Great Usutu River specimens resemble most 
closely a form of N radiosa considered by Germain (1981, 
pI. 70, fig. 7) as a transitionary stage to the var. tenella. To 
some extent they also approach N. radiosa var. acuta (W. 
Smith) Grunow as seen on Van Heurck's (1884 - 87) slide No. 
86. Since the Great Usutu River specimens cannot be identified 
more precisely at this stage, it is considered best to include 
them as closely allied to N radiosa and its varieties. 
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Navicula rostellata KOtzing (Figure 69) 
Hustedt 1930, p. 297, fig . 502. 
The Great Usutu River examples are identical to specimens 
observed by Lange-Bertalot (1980b, p. 35, pl. 5, figs 6- 8) 
under the name N viridula (Kutzing) Ehrenberg var. rostellata 
(Kutzing) Cleve ( = N rostellata on the Van Heurck 1884 -
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87, slide No. 87 and in the Kutzing material No. 874 
Grunow slide No. 708). · 
Navicula schoenfeldii Hustedt (Figure 70) 
Hustedt 1930, p. 301, fig. 520. 
Hustedt 1950, p. 353, pl. 37, figs 34-37. 
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Figures 52 - 81 LM micrographs of diatoms from the Great Usutu River. 52. Navicula cari Ehrenberg var. angusta (Grunow) Grunow. 53 & 
54. Navicula atomus (Kiitzing) Grunow. 55 & 56. Navicula contenta Grunow. 57 & 58. Navicula cryptocephala Kiitzing. 59. Navicula gregaria 
Donkin. 60. Navicula grimmei Krasske. 61 & 62. Navicula indijjerens Hustedt. 63. Navicula maillardii Germain. 64. Navicula pel/iculosa (Breb. 
ex Kiitz.) Hilse. 65 & 66. Navicula pupula Kiitzing. 67 & 68. Navicula radiosa Kiitzing complex. 69. Navicula roste//ata Kiitzing. 70. Navicula 
schoenjeldii Hustedt. 71-74. Navicula subatomoides Hustedt. 75. Navicula submolesta Hustedt. 76. Navicula subrotundata Hustedt. 77. Navicula 
twymaniana Archibald . 78 & 79. Navicula usutensis Cholnolky. 80 & 81. Navicula zanonii Hustedt. Scale: x 2000. 52- 60a, 61- 67a, 68, 69, 
71-80: P.C. Ilium. 60b, 67b, 70, 81: B.F. Ilium. 
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Several examples of a taxon (vide Figure 70), observed at one 
sampling station, have been identified as N. schoenfeldii. 
Although the dimensions of these specimens (length 9,5 - 19,0 
/lm; breadth 5,0 - 5,5 /lm) and striae counts (16 striae in 10 
/lm) do not correspond entirely with those given by Hustedt 
(1930; 1950) for this species, they are placed here on mor-
phological grounds. The valves are elliptical with broadly 
rounded to slightly rostrate apices; the striae arrangement at 
the centre of the valve agrees entirely with the description and 
illustrations given by Hustedt (1930), and the terminal striae 
are divided into discrete puncta (Hustedt 1950). These speci-
mens, especially the smaller forms, bear a strong resemblance 
to N. usutensis Cholnoky (discussed below), which occurred 
in the same sample. Under the light microscope it appears 
that the only difference between them is in the construction 
of the central area (compare Figure 70 with Figures 78 & 79 
of N. usutensis). Cholnoky (1962) apparently failed to re-
cognise N. schoenfeldii from his Swaziland material, even 
though it is present on his type slide (Swazi 9 = NIWR 
24114806) of N. usutensis collected from the Great Usutu 
River (personal examination of the slide). This suggests that 
Cholnoky may not have distinguished this taxon from N. 
usutensis. The specimens, identified as N. schoenfeldii in this 
study, also appear to be morphologically identical to N. 
pseudolagerstedtii Cholnoky (1960b, p. 75, fig . 236), although 
here again they are generally smaller and narrower than 
Cholnoky's species, and the latter shows greater variation at 
the poles which become distinctly rostrate. Nevertheless on 
the Cholnoky slide NIWR 24114806 (= Swazi 9) examples 
of N. schoenfeldii have the same range of valve shape as 
found in N. pseudolagerstedtii from the Okavango (Cholnoky 
1966, p. 43, figs 112-114). It therefore appears that further 
detailed study is required to clarify the relationships between 
N. schoenfeldii, N. pseudolagerstedtii and N. usutensis. For 
further considerations in this regard see the comments on N. 
usutensis below. 
Navicula subatomoides Hustedt (Figures 71 - 74) 
Hustedt in A. Schmidt 1874 -1959, pI. 404, figs 33 - 35. 
Hustedt 1961-66,p. 271, fig. 1400. 
The taxonomic position of this species is uncertain. Figures 
71 & 72 illustrate examples of valves which agree in all respects 
with Hustedt's (1961- 66) description of N. subatomoides. 
On the other hand Figures 73 & 74 show valves that are 
practically identical except that they do not have any raphe 
visible. Frustules with a valve of each type were also observed 
on several occasions, suggesting that this taxon should be 
placed in the genus Achnanthes. A similar observation has 
been made by Reichardt (1984, p. 56, pI. 11, fig . 7). Further-
more, examination of Hustedt's type material of N. sub-
atomoides from Wuokatti in Finland (Slide No. Ma 2/ 60 in 
the Hustedt collection in Bremerhaven; vide Hustedt in A. 
Schmidt (1874 -1959) and of specimens from the Gar-
rensee (Hustedt slide No. N13/12 in Bremerhaven; vide 
Hustedt 1950, p. 437, pI. 38, figs 77 - 79) revealed frustules 
in which one valve had a raphe and the other not. However, 
it was not absolutely certain that this was the case in every 
frustule observed. Even in the Great Usutu River specimens, 
development of the raphe se>ms to vary. Some valves have 
a very clear raphe, while in others it appears to degenerate 
to a short portion visible only near the central pores. It is 
therefore difficult to determine whether this taxon is a true 
Achnanthes or a Navicula in which degeneration of the raphe 
takes place. This can only be resolved through electron 
microscopic study of representative examples. Until more 
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positive evidence is presented to the contrary, these Great 
Usutu River specimens have been retained in the genus 
Navicula . 
In this regard it is interesting to note that Cholnoky (1962, 
p. 329) recorded N. subatomoides from most of his samples 
associated with the Great Usutu River, but not in those 
collected from his Station 1 a-c. In contrast, at this particular 
site, he (Cholnoky 1962, p. 314, figs 1,2) observed specimens 
of Achnanthes kryophila Boye Petersen var. africana-Chol-
noky (1960b, p. 15, figs 11-16), which appear to strongly 
resemble the examples of N. subatmoides illustrated in Figures 
71-74 in this study. Once again careful examination of these 
two taxa is required to determine their relationship. 
Valves observed in this study are 7,0-11,0 /lm long, 
4,0 - 5,5 /lm broad and have 36 or more striae in 10 /lm . 
Navicula submolesta Hustedt (Figure 75) 
Hustedt 1949b, p. 86, pI. 5, figs 16-18. 
Hustedt 1961 - 66, p. 253, fig . 1380. 
Schoeman & Archibald 1977a, N. submolesta p. 1- 2, figs 
1- 18. 
Specimens observed in this study show the more lanceolate 
valves (Figure 75) illustrated by Schoeman & Archibald 
(1977a), but retain the fairly distinct rostrate valve poles. The 
distribution of this species in southern Africa is not precisely 
known as a number of records of N. submolesta are now 
recognized as misidentifications of N. accomoda Hustedt. 
Navicula subrotundata Hustedt (Figure 76) 
Hustedt 1945, p. 917, pI. 41 , figs 30 - 33. 
Hustedt 1961-66, p. 272, figs 1402a-m. 
Although fairly frequently recorded from southern Africa, 
this species is never abundant. 
Navicula twymaniana Archibald (Figure 77) 
Archibald 1966, p. 264, figs 41-43. 
Schoeman & Archibald 1977a, N. twymaniana p. 1 - 2, figs 
1-9. 
The distribution of this species appears to be more cosmo-
politan than originally thought, having now been recorded 
from Europe as well (Lange-Bertalot & Bonik 1976, p. 315, 
figs 1m, 10, 11,32; Germain 1981, p. 228, pI. 85, fig. 14; 
Reichardt 1982b, p. 404, pI. 1, fig. 7). 
Navicula usutensis Cholnoky (Figures 78 & 79) 
Cholnoky 1962, p. 329, fig. 35. 
The taxonomic considerations surrounding this taxon are 
rather involved, and it is beyond the scope of this paper to 
reach any final conclusion with regard to its true identity. In 
his earlier study of diatoms from the Great Usutu River, 
Cholnoky (1962) described this taxon as a new species, 
Navicula usutensis. On examining a syntype slide (NIWR 
24114806 = Swazi 9), now designated as the lectotype slide 
for N. usutensis, it was found that the observed specimens 
(rare in the sample) do not agree with the dimensions given 
in Cholnoky's description. These specimens range in length 
from 8,5 - 14,0 /lm and were 4,5 - 5,5 /lm broad. They 
therefore only reach the lower limit set by Cholnoky (1962). 
Striae counts in these specimens are 14 - 18 (usually 16) in 
10 /lm over most of the valve, while at the centre they are 
more distant (about 10 in 10 /lm). In the present study a 
number of examples, identical to those on the lectotype slide, 
were observed (length 8,0 - 11,5 /lm; breadth 4,5 - 5,0 /lm; 
striae 16 in 10 /lm). In these and in the lectotype specimens 
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a structural feature, not detected by Cholnoky, was discerned. 
This is the breaking up of the terminal striae into discrete 
puncta, which are not always readily visible. This characteristic 
has important taxonomic implications, and may lead to a 
name change. Evidence that Cholnoky's species may be 
identical toN. paludosa f. minor sensu Reichardt (1982b, pl. 
1, fig. 10) or N. ignota var. acceptata (Hustedt) Lange-Bertalot 
sensu Reichardt (1984, p. 47, pl. 12, fig. 21) must receive 
careful consideration. Attention should also be given to a 
closely allied species, N. schoenjeldii Hustedt (1930), which 
occurred on the lectotype slide of N. usutensis and in one 
of the recent Great Usutu River samples (see above). For the 
present, however, the name N. usutensis is retained for this 
species. 
Navicula zanonii Hustedt (Figures 80 & 81) 
Hustedt 1949b, p. 92, pl. 5, figs 1-5. 
The specimens observed in this study (Figures 80 & 81) appear 
to be quite typical and agree well with Mayama & Kobayashi's 
(1982, p. 92, pl. 4, fig. 64) photograph of a specimen from 
slide No. 244/53 in the Hustedt collection in Bremerhaven. 
Schoeman, Archibald & Ashton (1984, p. 199, figs 62-65) 
have supplied further SEM details on the structure of the 
valve. 
Neidium affine (Ehrenberg) Cleve var. amphirhynchus 
(Ehrenberg) Cleve (Figure 82) 
Hustedt 1930, p. 243, fig. 377. 
Germain 1981, p. 152, pl. 57, figs 10-12. 
Two specimens of this variety having clearly capitate poles 
were observed (Figure 82). Examples with a similar valve shape 
have also been figured by Germain (1981) and Cholnoky 
(1957a, p. 69, fig. 189). 
Nitzschia acidoclinata Lange-Bertalot (Figures 83- 85) 
Lange-Bertalot 1977, p. 277, pl. 7, figs 19-21; pl. 10, 
figs 1, 2. 
Lange-Bertalot & Simonsen 1978, p. 14, figs 145 - 148, 268, 
294. 
Specimens examined in this study (Figures 83- 85) agreed in 
all respects with Lange-Bertalot & Simonsen's ( 1978) amplified 
description of the species. In Cholnoky's (1962, p. 332) 
previous study, specimens identified as N. perminuta Grunow 
probably belong to this species (cf. Lange-Bertalot 1977). 
Nitzschia denticula Grunow (Figures 86- 90) 
Hustedt 1930, p. 407, fig. 780. 
Schoeman & Ashton 1982, p. 31, figs 27- 34, 95- 111. 
Figures 86- 90 illustrate some typical examples of this species, 
which occurred commonly at all stations studied in this survey. 
Cholnoky (1962, p. 332) misidentified this species as Nitzschia 
interrupta (Reichelt) Hustedt, an error he frequently made 
because of a mistaken concept of the latter. 
Nitzschia palea (KOtzing) W. Smith (Figures 91 - 93) 
Hustedt 1930, p. 416, fig. 801. 
This cosmopolitan species was not abundant in the present 
survey, suggesting that little enrichment from organic nitro-
genous sources is present. 
Pinnularia interrupta W. Smith (Figure 95) 
W. Smith 1853, p. 59, pl. 19, fig. 184. 
Hustedt 1930, p. 317, fig. 573. 
Specimens observed in this study appear to be identical to 
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those recorded by Cholnoky (1962, p. 334), which, on the 
basis of valve breadth measurements, he considered to be 
intermediate between P. interrupta and its f. minutissima 
(Hustedt) Hustedt. 
Pinnularia minuta Zanon (Figure 94) 
Zanon 1941, p. 51, pl. 3, fig. 23. 
Cholnoky (1958, p. 134, fig. 150) described a form, P. 
claasseniae, which is almost identical to the specimen il-
lustrated here in Figure 94. He subsequently (Cholnoky 1960b) 
considered his new species to be a later synonym of P. minuta 
Zanon. Although Cholnoky probably never examined Zanon's 
type specimens, there is no evidence to contradict his later 
opinion. The example illustrated here (Figure 94) differs from 
Zanon's original diagnosis in that the valve is linear with 
almost parallel walls, whereas Zanon's drawing indictes a 
slightly lanceolate form. On the other hand, Cholnoky (1957a, 
p. 80, figs 253- 255) drew three valves of P. claasseniae 
ranging from linear to linear-lanceolate in shape, thereby 
suggesting that P. minuta has a more variable outline. Only 
one example of this species was observed in the Malkerns 
Canal. 
Pinnularia subcapitata Gregory (Figures 96- 98) 
Gregory 1856, p. 9, pl. 1, fig. 30. 
Hustedt 1930, p. 317, fig. 571. 
Germain 1981, p. 244, pl. 88, figs 1-8. 
The correct identity of the specimens depicted in Figures 
96- 98 is uncertain. The authors do not know what Gregory's 
(1856) concept of P. subcapitata was, since the type specimens 
have not been examined. Furthermore, it is difficult to build 
an accurate concept of the species from illustrations in the 
literature as they represent the taxon in such a variety of ways. 
The Great Usutu River specimens have been identified as P. 
subcapitata because they agree with Hustedt's (1930) descrip-
tion. They also correspond with Germain's (1981) figure 7 
on plate 88, and with Patrick & Reimer's (1966, p. 596, pl. 
55, fig. 10) drawing. On the other hand, Camburn (1982, p. 
377, figs 6- 8) illustrated an apparently identical form under 
the name P. termitina (Ehrenberg) Patrick & Reimer (1966, 
p. 595, pl. 55, fig. 6). Camburn (1982) reported having found 
specimens of the latter up to 61,0 1-1-m in length, but only 
illustrates examples up to 37,0 J.Lm long. Examples from the 
Great Usutu River never attained this large size, but range 
from 26,0- 54,0 J.Lm long, 6,0- 7,0 J.Lm wide and have 
12- 13(14) striae in 10 J.Lm. Not having been able to examine 
type specimens of P. termitina or P. subcapitata, it would 
be unwise to comment too critically on the taxonomy of this 
species. It has therefore been retained under the name P. 
subcapitata, because similar specimens from southern Africa 
have been identified as such (see Cholnoky 1962, p. 334; 
Schoeman 1969, p. 64, fig. 83). 
Surirella delicatissima Lewis (Figure 99) 
Lewis 1863, p. 343, pl. 3, fig. 4. 
Hustedt 1930, p. 436, figs 846, 847. 
This seems to be a rare species in southern Africa, with only 
two previous records being made; one from the Hogsback 
mountains in the eastern Cape Province (Giffen 1966, p. 147, 
fig. 88) and the other from the Mont-aux-Sources plateau in 
Lesotho (Schoeman 1973, p. 234). One specimen (Figure 99) 
was observed in the Great Usutu River at Station 5. This 
example measures 58,0 J.Lm long, 8,0 J.Lm broad and has 26 
transapical striae in 10 J.Lm, and 4 alar canals in 10 J.Lm. 
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Synedra rumpens KOtzing (Figure 100) 
Hustedt 1931-59, p. 207, figs 697a, b. 
Figure 100 exemplifies the forms designated as S. rumpens 
in this study. They compare very closely with the lectotype 
examples photographed by Lange-Bertalot (l980a, pI. 2, figs 
39,40). Lange-Bertalot (l980a, p. 729) united S. rumpens with 
Fragilaria capucina, firstly because he felt that there are no 
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valid grounds to separate the genus Synedra from the genus 
Fragilaria, and secondly because he considered that the taxa 
F. capucina, F. intermedia, F. vaucheriae and S. rumpens 
comprize a form continuum making up a single taxon. On 
the other hand, Round (1984) criticized Lange-Bertalot's views 
on the unification of these two genera, justifying separation 
of the two taxa. This paper cannot enter this controversy, 
and the more familiar concept of S. rumpens is retained. 
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Figures 82 -102 LM micrographs of diatoms from the Great Usutu River. 82. Neidium affine (Ehr.) Cleve var. amphirhynchus (Ehr.) Cleve. 
83 - 85. Nitzschia acidoclinata Lange-Bertalot. 86 - 90. Nitzschia denticula Grunow (90 = frustule in girdle view). 91- 93. Nitzschia palea (Kiitzing) 
W. Smith. 94. Pinnularia minuta Zanon. 95. Pinnularia interrupta W. Smith. 96-98. Pinnularia subcapitata Gregory. 99. Surirella delicatissima 
Lewis. 100. Synedra rumpens Kiitzing. 101 & 102. Synedra tenera W. Smith. Scale: x 2000. 83 - 85, 91 - 95, 97, 99a, 100 - 102: P .C. Illum. 
82,86-90,96,98, 99b: B.F. Illum. 
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Figures 103 - 106 LM micrographs of diatoms from the Great Usutu 
River. 103. Fru.stulia vulgaris (Thwaites) De Toni var. angusta Cholnoky. 
104 - 106. Synedra ulna (Nitzsch) Ehrenberg. Scale A (Figure 103): x 
2000; Scale B (Figures 104- 106): x 1000. 103, 106: O.B.F. lltum. 
104. 105: B. F. lllum. 
Synedra tenera W. Smith (Figures 101 & 102) 
Hustedt 1931-59, p. 211, fig. 703. 
This species appears to be widespread in southern Africa. 
Synedra ulna (Nitzsch) Ehrenberg (Figures 104 -106) 
Hustedt 1931 - 59, p. 195, figs 691A a-c. 
This well-known cosmopolitan species was found in small 
numbers in nearly every sample collected in this survey. 
Conclusions 
The present study of the diatom flora of the Great Usutu 
River covers a stretch of river from above the pulp mill at 
Bhunya to a point downstream of the mill near Edwaleni. 
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Table 2 Diatom taxa found during the present 
survey of the Great Usutu River, Swaziland, that 
were previously recorded by Cholnoky (1962) under 
a different name 
Name used in this survey 
Achnanthes exigua 
Achnanthes lanceolata 
Achnanthes minutissima 
Cholnoky's (1962) name 
Achnanthes exigua var. heterova/-
vata (sic) 
Achnanthes lanceolata f. rostrata 
Achnanthes /inearis and 
Achnanthes microcephala 
Amphora veneta va:r. capitata Amphora coffeaeformis 
Amphora copulata Amphora ova/is var. /ibyca 
Brachysira exilis 
Caloneis hya/ina 
Capartogramma crucicu/a 
Cymbella minuta 
Diploneis oblonge//a 
Fragilaria vaucheriae 
Gomphonema parvu/um 
Gomphonema subclavatum 
Navicula radiosa complex 
Nitzschia denticu/a 
Anomoeoneis exilis 
Caloneis chasei? 
Stauroneis merrimacensis 
Cymbe//a ventricosa 
Dip/oneis ova/is 
Fragi/aria intermedia 
Gomphonema parvulum var. 
/agenu/a 
Gomphonema /ongiceps var. 
subclavatum 
Navicula tenet/a 
Nitzschia interrupta 
Twenty-two samples were collected from this section of the 
river course, and 97 diatom taxa were recorded in them. In 
addition, two samples from the Cascade A channel and three 
from the Malkerns irrigation canal yielded a further 14 taxa. 
A complete list of all these taxa, together with some indication 
of their relative abundances in each sample, is presented in 
Table 1. In his earlier survey Cholnoky (1962) recorded 95 
taxa (taking account of the most recent taxonomic opinions) 
from 5 samples (Nos 1, 2, 3, 9, 13) collected within the same 
stretch of river (tributaries excluded). Of Cholnoky's recorded 
taxa, 53 were still found in the Great Usutu River 20 years 
later. These taxa are indicated in Table 1 by the superscript 
(1), and it will be seen that they generally represent the more 
prominent taxa in the diatom associations from each station. 
Those taxa recorded for the first time in the present study, 
or found only by Cholnoky in 1962, were usually rare in their 
occurrence. 
It is inevitable that, over a period of twenty years, the 
nomenclature of some taxa will change as a result of new 
concepts or new interpretations of diagnoses and illustrations. 
A second superscript (2) following a specific entry in Table 1 
therefore indicates in which of the Great Usutu River taxa 
this has taken place. Comments on such occurrences can be 
found in the text, and Cholnoky's corresponding names for 
these taxa are presented in Table 2. 
Finally, analysis of the structure of the diatom popu-
lations at the selected stations on the Great Usutu River, 
showed that, with the exception of the diatom popula-
tions from the sandy substrate at Station 4, there was 
a remarkable constancy in the populations throughout 
the stretch of river examined both in terms of compo-
nent taxa and in their relative abundances in the popu-
lations (Archibald & Schoeman 1987). Furthermore, com-
parison of the present populations with those analysed 
by Cholnoky (1962, p. 350, Table 3) demonstrated that 
the nature of the diatom associations in that particular 
stretch of the Great Usutu River had undergone very little 
change over 20 years, despite the discharge of pulp mill 
effluent into the river during this period. 
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